This paper uses the Health and Retirement Study to explore linkages between neighborhood features and stages of the disablement process among adults ages 55 and older in the United States. We consider multiple dimensions of the neighborhood environment including environmental stressors; safety, mobility and access to services; and social and economic conditions. In doing so, we use factor analysis to reduce indicators into 8 neighborhood scales, which we incorporate into two-level logistic regression models. Findings suggest that economic advantage matters earlier in the disablement process and economic disadvantage is linked to later stages. There also appear to be important differences by gender, with street connectivity and economic disadvantage associated with outcomes only for men. Although most neighborhood effects are relatively small in absolute terms, neighborhood economic advantage effects appear sizeable.
INTRODUCTION
A growing literature has documented associations between characteristics of environments in which people live and a variety of health outcomes (Kawachi & Berkman, 2003) . Recent studies also suggest that there may be important gender differences in these patterns, with greater effects of the residential environment on women's health (Stafford, Cummins, Macintyre, Ellaway & Marmot, 2005) . However, attention to older adults in this literature has been comparatively thin, despite findings that associations between neighborhoods and health are strongest among adults at or around retirement age (Robert & Li, 2001) and that health problems are more common later in life.
The link between residential environment and late-life disability is of particular interest.
Notably, older adults face much higher risks of functional decline than other age groups (IOM, 1991) . Functional declines and subsequent disability have implications for medical and longterm care expenditures, transfer payments through public programs, and the quality of life of older adults and their informal caregivers. Studies that identify modifiable neighborhood characteristics that impede functional decline can be used to develop multi-level interventions to deter disability. In addition, consideration of the potentially negative consequences of remaining in neighborhoods that are ill-equipped for seniors and identification of potentially protective elements may help bolster development of programs to facilitate aging in place.
Surprisingly, studies of late-life disability have traditionally ignored the role that the neighborhood environment plays in the disablement process (Stuck, 1999) . In the United States, sizeable regional variation in late-life disability prevalence has been established (Lin, 2000; Lin & Zimmer, 2002) , but variation on a more local level has been examined in only three studies. Balfour and Kaplan (2002) , for example, studied 883 persons aged 55 and older in Alameda County between 1994 and 1995. They found that functional loss was related to several selfreported problems with neighborhoods, including excessive noise, inadequate lighting at night, heavy traffic, and limited public transportation. More recently, Clarke and George (2005) examined the role of the built environment in the disablement process for 4,154 older adults drawn from central North Carolina. Using survey data linked to 1990 census tract data, they found that older adults report greater independence in instrumental activities of daily living (e.g., shopping, managing money, household chores) when they live in environments with more land use diversity and that among those with functional limitations housing density is inversely related to self-care disability. A third study by Schootman and colleagues (2006) examined the risk of onset of lower body limitations among 563 middle-aged African Americans around St.
Louis, Missouri. Using assessments by surveyors of housing conditions, noise, air quality, street and road quality, and yard and sidewalk quality, the authors found that people living in neighborhoods with 4-5 versus 0-1 fair/poor conditions were more than 3 times as likely to develop a lower body limitation.
Conclusions that can be drawn from these studies are limited in several respects. First, studies to date have drawn upon small areas and thus the generalizability of results is quite limited. Second, they have considered a narrow range of neighborhood features; hence the potential mechanisms behind these associations remain unclear. Third, indicators of individuallevel socioeconomic status have been quite limited; thus, disentangling associations with individual versus neighborhood-level resources remains an important task. Fourth, despite evidence that the disablement process differs for older men and women (Wray & Blaum, 2001 ), limited sample sizes have precluded investigation of gender-specific associations.
In this paper, we expand upon the existing literature to explore the linkages between neighborhood features and functioning among U.S. adults ages 55 and older. Using the Health and Retirement Study (HRS), a large and nationally representative survey of older adults in the United States, we consider a broad range of neighborhood features reflecting environmental stressors, safety/mobility and access to needed services, and the social and economic environment. We use factor analysis to reduce the large number of indicators to eight dimensions of the neighborhood that share common variance and then include these scales in a multi-level model adjusted for individual-level characteristics. Because the HRS includes excellent measures of income and assets, we are able to better isolate the contribution of neighborhood-level socioeconomic components than previous studies. Moreover, large sample sizes allow us to stratify analyses for men and women.
FRAMEWORK
Drawing upon Krause (1996) and Taylor, Repetti & Seeman (1997) , we highlight three overarching neighborhood domains that may affect the health of elderly persons: environmental stressors; mobility/safety/access measures that are outgrowths of the built environment; and the social and economic environment.
Environmental stressors include features that produce physical or psychological stress.
As argued by McEwen & Stellar (1993) and Seeman & Chen (2002) , stressors in the environment interact with biological factors, leading to differences in the susceptibility to stress, stress-related disease, and accompanying functional decline (Steptoe & Feldman, 2001 ). Such stressors may include elements of the built environment (such as excessive noise, traffic, poor housing quality) and environmental pollutants (such as toxic waste, air pollution) that bring about chronic conditions or exacerbate these conditions, thereby leading to functional decline.
For example, air pollution may increase the risk of lung cancer (Pope et al., 2002) or make it difficult for someone with chronic obstructive pulmonary disease to climb stairs without resting or to go for a walk outside (Mannino, 2002) . Psychological stressors include fear of crime (Lawton, Nahemow & Yeh, 1980; Rohe & Burby, 1988; Krause, 1996) and social isolation and segregation (Acevedo-Garcia & Lochner, 2003; Williams & Collins, 2005) .
The second domain includes features related to mobility, safety, and access that are typically outgrowths of the built environment. These factors may operate on late-life health either through a cumulative process on the underlying health trajectory or by directly facilitating/impeding activities in old age. For example, better street connectivity (i.e., streets lead to other streets and stores, rather than just ending in cul-de-sacs), sidewalks, and curbs may allow older persons to maintain physical activity (Li, Fisher, Brownson, & Bosworth, 2005) , which in turn protects against functional decline (Seeman & Chen, 2002) . The built environment may also contribute to unintentional injury. Poor upkeep of housing units, including stairwells, may increase the likelihood of falls. The density of businesses, grocery stores, and health care facilities may also potentially have beneficial effects on the health of older adults by facilitating access to goods and services.
Finally, we consider the social and economic environment. There is a well-documented literature on the effects of the socioeconomic aspects of neighborhoods on health (see Roberts, 1999; Yen & Syme, 1999 for reviews) . These studies consistently demonstrate that neighborhood socioeconomic characteristics (such as concentrated poverty, poor educational attainment and high unemployment) are associated with poorer health status, controlling for individual income.
The exact mechanism through which these socioeconomic factors influence health is not well established. It may be that the socioeconomic status of the neighborhood influences environmental stressors, safety/mobility, and access to goods and services, which in turn alters health trajectories. There is also evidence that social relationships may be important for health and functioning (House, Landis & Umberson, 1988) , particularly for women (Unger, McAvay, Bruce, Berkman & Seeman, 1999) , and that the neighborhood's age structure (Cagney, 2006) and perceptions of "neighborliness" (Bowling, Barber, Morris & Ebrahim, 2006 ) also matter.
Drawing upon this general framework, we model three key measures reflecting steps in the disablement process (IOM, 1991) : the presence of lower body limitations, difficulty with tasks key to independent living (e.g., instrumental activities of daily living or IADLs), and difficulty with self-care activities such as bathing, dressing, and transferring (e.g., activities of daily living or ADLs). We anticipate that the neighborhood environment will exert its influence differently for men and women and depending on the stage of the disablement process. In particular, we expect that safety/mobility/access measures will be most salient for instrumental activities of daily living, since these tasks may involve going out into the community, and that stressors and social aspects of the environment will be more salient for women than for men.
DATA
The Health and Retirement Study (HRS), funded by the U.S. National Institute on Aging and conducted by the University of Michigan, collects extensive information on health, demographic, and socioeconomic characteristics of respondents ages 50 and older and their spouses. We restrict our analysis to respondents ages 55 and older in 2002, which (as of this writing) was the first wave coded to reflect 2000 Census boundaries. The economic data are of particularly high quality, with very low rates of missing information on income and assets (Hurd, Juster & Smith, 2003; Smith, 2002) .
Neighborhood characteristics
Characteristics of neighborhoods of residence are determined through linkage to secondary data sources provided primarily through RAND's Center for Population Health and Health Disparities. Most of the neighborhood variables were measured at the census tract level; exceptions available only at the county level are noted below. Although tracts do not necessarily coincide with neighborhood boundaries, they have been shown to be a reasonable approximation of the proximate area and are widely used in neighborhood studies (Krieger, Zierler, Hogan, Waterman, Chen, Lemieux et al., 2003) . Social isolation measures were created from the 2000 Census and describe the extent of segregation in tracts within counties (Iceland, Weinberg & Steinmetz, 2002) . We included in our analyses isolation indices and dissimilarity indices calculated for Hispanics and for non-Hispanic blacks; however, the isolation index for Hispanics did not scale well and was subsequently dropped. 
Mobility

Outcomes
Outcomes include three measures of self-reported functional limitations and disability.
Individuals who report any difficulty stooping, kneeling, or crouching; walking one block or several blocks; or climbing one flight of stairs or several flights of stairs without resting are classified as having a lower body limitation. We classify an individual as having an ADL disability if he or she has any difficulty bathing, dressing, eating, transferring, walking across a room, or toileting. An individual who has any difficulty managing money, using a telephone, managing medications, shopping, or cooking is classified as having IADL disability.
Individual-level predictors
We also included in multivariate models individual-level characteristics that we expected to be related to disability in later life and to characteristics of current neighborhood of residence.
We included both contemporaneous measures and retrospective measures of childhood selfassessed health and socioeconomic status. Contemporaneous measures included age (in 5 year age groups), race/ethnicity (white non-Hispanic, black non-Hispanic, other non-Hispanic and Hispanic), completed education (8 or fewer years, 9-11, high school, more than high school), marital status, total assets of respondent (and spouse if married), income in relation to poverty (income-to-needs ratio), smoking status (current, former vs never), current region (south, midwest, west vs northeast), and whether the interview was provided by a proxy respondent. however they also point out that the larger number of groups more typically found in populationbased survey data (they mention over 150, whereas we have over 3,000 tracts per sample) largely offsets this bias.
METHODS
To guide our selection of neighborhood measures, we first reviewed the literature for preexisting scales. We found that the measures available to us from national data sources overlapped with but did not correspond perfectly with pre-existing scales (e.g., reflecting economic depravity or social connectedness). In addition, we found that existing scales most often had been developed with younger adults, in small-area studies, and with a relatively narrow range of measures. To identify a broader set of scales for inclusion in this analysis we therefore decided to undertake exploratory factor analysis (using an oblique rotation).
Using the sample of HRS tracts, we first examined eigenvalues (per convention > 1.0) and scree plots (to identify the bend in the plot of eigenvalues by factor number) and found that both approaches suggested retaining 8 factors. Next, following convention, we retained variables with loadings exceeding .40. In doing so, variables representing the county-level health care delivery system (physicians per capita, short-term hospital beds per capita, and home health agencies per capita) and the age structure of the tract (percentage of population 65-84 and percentage 85 and older) did not reach a threshold of .40 and were subsequently removed.
Because these variables were theoretically important in our analysis, however, we retained them in sensitivity analyses. The final factor analysis was then used to guide scale construction.
Variables loading together were first standardized (i.e., transformed into z-scores) and then added together. The scales were then re-standardized for ease of interpretation and comparison across scales. A one-unit change in a given scale therefore represents a change of one standard deviation. To assess internal validity we computed Cronbach's alpha for each scale and we also assessed correlations among scales. We replicated these analyses with all tracts in the US Census and with a sample of tracts from another national study (the latter not shown) and found substantial agreement among the three.
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To examine the effect of neighborhood characteristics on the prevalence of disabilities and functional limitations we first estimated a series of logistic regression models. To provide a link back to the existing literature, which generally considers only very few neighborhood features, we began by including each neighborhood scale one at a time. Next, to gain insight into the importance of controlling for individual characteristics, we added to each model the individual-level factors previously described. Models were estimated using STATA's robust cluster feature, which accounts for clustering of respondents within tracts.
We then estimated a series of two-level random-intercept logistic regression models. This approach allowed us to partition the variance associated with functioning and disability into between-neighborhood and within-neighborhood components for each level. Moreover, by expressing the neighborhood effect as a function of observable neighborhood indicators, we were able to quantify the extent of the neighborhood variance that was accounted for by observable neighborhood characteristics. We estimated several nested models separately for men and women, first without controlling for any individual or neighborhood characteristics, next including individual-but no neighborhood-level variables, and finally including both individualand neighborhood-level characteristics. 4 For each model we calculated a pseudo-intraclass correlation coefficient (ICC), which expresses the percentage of variability in the outcome attributable to between-neighborhood variation.
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Finally, we illustrated the magnitude of variation in the probability of select outcomes across observed values of select neighborhood features. In doing so, we calculated predicted probabilities evaluated at the 25 th and 75 th percentiles of a given neighborhood scale, holding all other variables constant at their means.
Descriptive analyses were weighted to account for the complex design of the HRS.
However, estimation routines for logistic models with robust adjustments for clusters and for multi-level models precluded the use of sampling weights. We note, however, that the HRS's sample design involves geographic clustering and over-sampling of geographic areas with high proportions of African Americans and Mexican Americans. And our analyses assumed geographic clustering (at the tract level) and also controlled for factors upon which the HRS sample design was stratified (e.g., race/ethnicity). Further, in analyses (not shown) we compared logistic regression model estimates using the robust cluster option with estimates obtained from correcting for the complex sample design, and found substantial similarities across the two sets.
RESULTS
Sample and tract characteristics. Table 2 ). Although t-tests suggest statistically significant differences, we note that most of the differences are numerically small.
Neighborhood scales. Neighborhood characteristics are identified by eight factors,
which we have labeled as follows: air pollution, crime/black segregation, street connectivity, density, economic disadvantage, economic advantage, high immigration, and residential stability.
We found remarkably similar results for the sample of HRS tracts and all US tracts (last two columns of Table 2 ). Cronbach's alphas ranged from 0.89-0.96 for the HRS sample and 0.89-0.94 for all U.S. tracts, suggesting a high degree of internal consistency ( Multi-level models. As shown in Table 4 , the pseudo-ICCs for unadjusted models vary from 3.4 percent to 9.7 percent. In other words, less than 10 percent of the variation in ADL, IADL and lower body limitations is associated with neighborhood characteristics. Also of interest is the drop in ICCs once the models are adjusted for individual characteristics. In three cases, however, between-neighborhood variance remains: lower body limitations for men and women (4.4% and .4%, respectively) and IADL limitations for men (.6%). Notably, observable neighborhood characteristics account for almost all the residual between-neighborhood variance.
That is, for men the neighborhood scales we developed account for most of the residual .6% of variance in IADL limitations and for women the neighborhood scales account for most of the .4% of variance in lower body limitations. In the case of lower body limitations for men, observable neighborhood characteristics account for 1.2 percentage points of the variance (4.4 -3.6), however, a substantial proportion of the residual between-neighborhood variance remains unexplained (3.6/4.4=82%).
Which neighborhood features are associated with lower body limitations and disability among older adults? When all neighborhood scales are included simultaneously, three features remain important: economic advantage, street connectivity, and economic disadvantage (Table 5 ). Specifically, living in an economically advantaged neighborhood is associated with a reduced risk of lower body limitations for both men and women (OR=0.84, 0.86, respectively). In addition, for men, living in a highly connected area is associated with a lower risk of IADL limitations (OR=0.88) and living in an economically disadvantaged area is associated with an increased risk of having an ADL disability (OR=1.19). In sensitivity analyses (not shown) we found these findings were robust to the addition of predictors of the health care environment and age structure, and that these additional variables did not emerge as significant predictors. 
DISCUSSION
Our analysis has produced several new insights into the role of neighborhoods in laterlife functioning and disability. Living in more economically advantaged areas is associated with lower chances of limitations in lower body functioning for both men and women. These effects, although not as large those found for individual-level education, are not inconsequential in terms of size. All else equal, the risk of lower body limitations is 3-5 percentage points lower for older persons living in neighborhoods that rank at the upper quartile of economic advantage than those at the lowest quartile. We also found important differences between men and women, although not in environmental stressors or social aspects of the environment as anticipated. Instead, aspects of the built environment, notably connectivity, and economic disadvantage mattered for men but not women.
This study has several limitations. Although we draw upon national U.S. survey data, which offers advantages of generalizability and large sample sizes, information on neighborhood features is linked from external secondary data sets. Thus, neighborhood definitions are limited to the geographic boundaries contained in those data sets, which may not provide the most relevant construct of neighborhoods. Further, some data were only available at the county level, which may be too large of an area to capture a neighborhood effect of interest. We were also unable to explore some of the observed factors that Balfour & Kaplan (2002) and Schootman (2006) found to be related to functional loss-for example, noise, lighting, traffic, public transportation, street and road quality, and yard and sidewalk quality. In recent years, the HRS has begun to collect interviewer observations that may in the future provide insights into the importance of these factors in a national context.
We also did not attempt to address one of the central methodological challenges in undertaking neighborhood research-the fact that residents may choose the neighborhoods that they live in based on health-related characteristics (Sampson, Morenoff & Gannon-Rowley, 2002) . If individuals sort themselves into neighborhoods along health dimensions, as a recent U.K. study suggests they do (Norman, Boyle & Rees, 2005) , then estimates of neighborhood effects could be biased (Manski, 1993; Tienda, 1991; Evans, Oates & Schwab, 1992) . Indeed, the exchange among Oakes (2004) , Subramanian (2004), and Diez Rouz (2004) highlights the dangers of drawing causal inferences from observational data, and this study, although perhaps richer in individual-level and neighborhood-level measures than prior studies, cannot claim to have identified causal relationships. In future work we intend to use panel data to examine whether decaying and/or improving neighborhoods are related to changes in disability and health-related outcomes and whether those who move between waves do so in patterns that reinforce selection.
Despite these limitations, our analysis suggests that there may be important contextual associations with functioning in later life. These processes appear to be complex On a related note, we were able to find only limited evidence consistent with the hypothesis that economic advantage and disadvantage operate through environmental stressors and aspects of the built environment related to safety, mobility and access to goods and services.
Indeed, we found only one case in which the effects of economic advantage dissipate when these other neighborhood features are considered. For men, a scale reflecting street connectivity was salient in predicting limitations in IADLs -activities conducted primarily in the home such as cooking as well as activities that my involve going out into the community such as shopping.
Our findings with respect to street connectivity are similar to Clarke & George (2005) , who found among older adults in central North Carolina in the 1990s, greater independence in IADLs among those living in areas of greater land use diversity.
Our study differs from prior investigations of this topic in two important ways. First, our sample is national with linkages to national data resources. Consequently, we were able to investigate a wider array of neighborhood-related factors for a larger and more representative sample than previous studies. In doing so, we were able to sort out, for example, that street connectivity was more salient than economic advantage in predicting IADL limitations among men, even though they both individually predicted IADL limitations. Second, we controlled more extensively (and with better quality measures) than previous studies for individual-level factors, including current socioeconomic status, health behaviors, and childhood health and socioeconomic status. Indeed, our findings suggested that controlling for such individual-level factors is very important in drawing conclusions about neighborhood-level influences, particularly for women. Had we left out individual-level controls, we would have attributed up to 10% of the variation in functioning and disability to neighborhood factors instead of the .4%-4.4% that we found after introducing individual controls.
Taken together our analysis offer important lessons and directions for future research.
Our study illustrates quite clearly that caution is in order in the interpretation of neighborhood influences on late-life disability in observational studies with simplistic characterizations of either individual or neighborhood circumstances. On balance, with the exception of the benefits of living in an economically advantaged area, most of neighborhood influences on late-life functioning and disability that we investigated were quite small. It may be that one's contemporary neighborhood is not as important as the contextual exposures that have accumulated through one's lifetime. To address this question research on the influences of neighborhoods of residence over the life course on late life outcomes is needed. On a more practical note, attention to street connectivity and to the benefits that may accrue from facilitating older adults' moving out of areas of economic disadvantage may be fruitful areas for researchers seeking to design late-life disability interventions that address both individual-and community-level circumstances. 
